. Until a few years ago, most Great neuroanatomists of the twentieth century recof these techniques were mainly applied by laboratoognized that the cerebral cortex of mammals is the ries studying relatively simple model systems such as C. elegans, Drosophila, zebrafish, or Xenopus. Howsingle most complex structure of the central nervous ever, one problem remains: these nonmammalian spesystem both in terms of neuronal diversity and concies don't have a neocortex. Today, these techniques nectivity. Understanding the cellular and molecular are beginning to be applied to mammals and allow the mechanisms specifying the afferent and efferent conexploration of the cellular and the molecular mechanectivity in the neocortex may seem like a daunting nisms patterning cortical connectivity. This review will task. However, recent technical advances have greatly highlight some of the recent progress made in this field improved our ability to (1) profile gene expression of and illustrate the emerging concepts as well as the neuronal populations isolated based on their connecchallenges ahead. tional properties, (2) manipulate gene expression in Cortical Connectivity: Early Specificity Followed specific neuronal populations, and (3) visualize their axby Activity-Dependent Refinement onal projections in vivo. These new tools are revolution-
in fact, as soon as the axons first reach their target dase and neomycin phosphotransferase) in order to label cell bodies expressing the trapped gene but also a structures. There is overall strong evidence that for most cortical projections, activity-dependent remodelhuman placental alkaline phosphatase gene (PLAP) that is specifically targeted in axons (but not dendrites) ing is not acting on a tabula rasa but rather on a nonuniform prepatterned distribution of axonal projections and therefore allows the specific visualization of axonal projections in those neurons expressing the trapped (Crowley and Katz, 2002) .
Taken together, these results suggest that early mogene (Leighton et al., 2001 ). This strategy has been shown to have the tendency to produce insertions in lecular-axon-guidance mechanisms play an important role in the establishment of the topography of afferent the 5# end of genes and leading to the production of a short truncated fusion protein of the first exons of the and efferent cortical connectivity. What are these molecular cues guiding axons to specific cortical areas or gene and the reporter. Therefore, this technique allows the visualization of the position of the cell bodies and to specific cortical modules within a given area? What controls the patterned expression of these molecular the axonal projections of the neurons in heterozygous and homozygous mice. Several of the trapped genes cues? What are the transcriptional, translational, and posttranslational mechanisms specifying the temporal revealed a strikingly specific pattern of axonal projections in the cortex such as LST16 that only labels axoand spatial responsiveness of a specific axon population to these cues? We are only beginning to answer nal projections from the dorsal thalamus onto layer 4 in the early postnatal cortex including the barrel field some of these questions, but some of the answers are quite exciting.
( the expression of these putative stop signals depenciently than other defects of cortical projections bedent on pattern of spontaneous neuronal activity? cause the absence or reduction of the corpus callosum Conclusion is relatively easy to detect and typically nonlethal. ReThere is clearly a lot of work ahead in order to identify cent progress has been made in the identification of the molecular mechanisms underlying the specificity of some of the key cellular and molecular cues that mediafferent and efferent as well as local cortical projections ate attraction toward the midline and then midline and how these early mechanisms are interfaced with crossing by callosal axons (Shu et al., 2003a, 2003b) . activity-dependent mechanisms underlying connecFinally, the molecular mechanisms patterning cortional remodeling. However, we are clearly entering a tico-cortical projections are probably the least studied new era in which the technologies we have at hand will of all cortical projections. In the visual cortex, these undoubtedly enable us to start deciphering how the long-range cortico-cortical projections mediate most of complex pattern of cortical connectivity emerges durinformation processing, and their anatomy and function is studied rather intensely (Salin and Bullier, 1995). They ing normal and abnormal development.
